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Despite the generally excellent success with balloon di-
lation for the stenotic lesions of congenital and acquired
heart disease, technical difficulties sometimes prevent
satisfactory results. Such technical difficulties include:
1) a large diameter of the anulus of the stenotic lesion
relative to available balloon diameter, 2) difficulty in the
insertion or removal of the larger balloon catheters, and
3) permanent damage to or obstruction of the femoral
vessels by the redundant deflated balloon material of the
large balloons. A double balloon technique was initiated
to resolve these difficulties. With this method, percu-
taneous balloon angioplasty catheters were inserted in
right and left femoral vessels, placed side by side across
the stenotic lesion and inflated simultaneously.
Dilation procedures using the two balloon technique
were performed in 41 patients: 18 with pulmonary valve
stenosis, 14 with aortic valve stenosis, 5 with mitral valve
stenosis, 3 with vena caval obstruction following the
Percutaneous balloon catheter dilation has been used to treat
a variety of the stenotic lesions of congenital and acquired
heart disease, Disorders that have been relieved by this
method include pulmonary (1-3), aortic (4,5) and mitral
(6,7) valve stenosis, native and postoperative coarctation of
the aorta (8,9) and stenosis of the vena cava (10). Results
have generally been good, and in many cases the balloon
catheter techniques have made it possible to avoid thora-
cotomy or cardiopulmonary bypass, or both.
Technical difficulties sometimes complicate or prevent
satisfactory dilation. In the Texas Children's Hospital ex-
perience of over 250 angioplasty procedures, three major
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Mustard or Senning procedure and 1 with tricuspid valve
stenosis. Patient ages ranged from 1 to 75 years (mean
17.8) and patient weights ranged from 8.9 to 89 kg (mean
42.3). Balloon catheter sizes ranged from 10 to 20 mm
in diameter. Average maximal pressure gradient in mm
Hg before dilation was 61 in pulmonary stenosis, 68 in
aortic stenosis, 21 in mitral stenosis, 12 in tricuspid ste-
nosis and 25 in vena caval stenosis. Average maximal
valvular pressure gradient after dilation was 13 in pul-
monary stenosis, 24 in aortic stenosis, 4 in mitral ste-
nosis, 0 in tricuspid stenosis, and 1 in vena caval stenosis.
No major complications were encountered with the pro-
cedures.
It is concluded that the two balloon technique of per-
cutaneous balloon dilation is effectiveand has substantial
advantages, in selected cases, over techniques employing
a single large angioplasty balloon.
(J Am Coll Cardiol 1987;10:107-14)
difficulties have been encountered. These are: I) a large
diameter of the anulus of the stenotic lesion relative to
available balloon diameter, 2) difficulty in the introduction
or removal of the larger balloons into or from the femoral
vessels, and 3) permanent damage to or obstruction of the
femoral vessels by the redundant balloon material of the
deflated dilation catheter with a very large balloon. When
the stenotic lesion is of greater diameter than the dilation
balloon diameter, dilation is often ineffective. Catheters
with a large balloon can be used but the difficulty of intro-
duction and the risk of damage to the femoral vessels in-
creases as balloon size increases. Furthermore, the standard
large diameter balloon catheters are often difficult to position
accurately and maintain in the stenotic orifice during infla-
tion.
Beginning in 1983, we initiated a double balloon tech-
nique to overcome these difficulties. With this method, two
balloon angioplasty catheters were introduced percuta-
neously into separate vessels. They then were positioned
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side by side across the stenotic lesion and simultaneously
inflated. This study is an evaluation of our experience in a
variety of lesions with the double balloon catheter dilation
technique.
Methods
Patients. We performed 41 balloon catheter dilation pro-
cedures using a double balloon technique from August 1983
through July 1986. Patients underwent balloon catheter di-
lation because of obstruction that otherwise would have
required surgical therapy. Primary diagnoses in the patients
included valvular pulmonary stenosis (n = 18), valvular
aortic stenosis (n = 14), mitral stenosis (n = 5), tricuspid
stenosis (n = 1) and stenosis of the venae cavae after the
Mustard procedure for transposition of the great vessels (n
= 3). Ages of the 41 patients ranged from 1 to 75 years
(mean 17.8) and weights ranged from 8.9 to 89 kg (mean
42.3) k. Two of the patients with venacaval stenosis after
the Mustard procedure for transposition of the great vessels
had only superior vena caval obstruction, whereas one pa-
tient had obstruction of both the superior and inferior venae
cavae.
Indications. The indications for using two balloons in
these patients were that 1) the diameter of the anulus of the
stenotic lesion was so large that no single balloon catheter
of appropriate size for dilation was available; or 2) the size
of the balloon necessary for effective dilation of the stenotic
lesion was judged to be too large for insertion into the
femoral artery or vein.
Technique
Pulmonary valve dilation. Right heart catheterization
was performed using the femoral approach with a percu-
taneous technique. A small cannula was placed in one of
the femoral arteries for pressure monitoring. The degree of
pulmonary valve stenosis was documented by pressure mea-
surements across the valve. A right ventricular or main
pulmonary artery angiocardiogram in the anteroposterior
and lateral projections using a calibrated angiocardiographic
marker catheter was utilized to obtain accurate valve and
anulus measurements. A second angled view was performed
when the calibration markers appeared to be foreshortened
on the standard anteroposterior or lateral projections. The
pulmonary valve anulus was then measured in both projec-
tions at the base of the pulmonary valve sinus where the
valve leaflets attach.
The two balloon technique was used in all patients with
a pulmonary valve anulus of?J8 mm. Double balloon pul-
monary valve dilation was also utilized when the pulmonary
valve anulus measurement necessitated the use of a balloon
catheter that could not be inserted easily into the patient's
femoral vein. Balloon catheter sizes were chosen so that the
sum of the inflated balloon diameters was equal to 1.5 to
1.6 times the measured diameter of the valve anulus. Two
additional percutaneous venous access sites were estab-
lished, one in the opposite femoral vein and one in an arm
vein. A right ventricular monitoring catheter was introduced
percutaneously from an arm vein using either the axillary
or the brachial approach. The marker catheter was removed
and replaced with an end-hole catheter. The end-hole cath-
eter was advanced to the distal left pulmonary artery and a
0.038 inch (0.097 em) Teflon-coated exchange guide wire
was passed through the catheter into the distal left pulmonary
artery.
The end-hole catheter was then removed over the ex-
change guide wire and the balloon catheter inserted over
the guide wire into the venous system. A second end-hole
catheter was then passed into the pulmonary artery from a
sheath located in the opposite femoral vein. An exchange
guide wire was then passed through this catheter and the
second balloon catheter was passed over this wire. The two
balloon catheters then were advanced together over the wires
to position the center of the balloons at a location corre-
sponding to the stenotic orifice. The balloons then were
inflated rapidly and simultaneously to 4 to 4.5 atm, followed
by deflation as rapidly as possible. The inflation/deflation
cycle was repeated as many times as necessary (as many as
eight times) to abolish the "waist" created in the balloons
by the stenotic pulmonary valve (Fig. I) and to significantly
reduce the monitored right ventricular pressure. The balloon
positions were altered slightly both in their side to side
relations and in their distal to proximal relations to assure
that their maximal diameters were precisely in the valve.
When the operators were confident that maximal dilation
had been achieved, the balloons were withdrawn over their
respective guide wires. Pressure gradient measurement was
performed across the right ventricular outflow tract, and
right ventricular angiography was performed.
Aortic valve dilation. The double balloon technique
using 6 or 8 em long Medi-Tech balloons was used in 14
of our patients undergoing dilation of aortic valve stenosis.
Right and left heart catheterization was performed percu-
taneously using the femoral approach and transseptal entry
into the left side of the heart. The degree of aortic valve
stenosis was documented with pressure measurements. A
left ventricuiar angiocardiogram was performed in the an-
teroposterior and lateral projections to accurately visualize
the valve anatomy. Sheaths were placed in both left and
right femoral arteries. The transseptal left ventricular cath-
eter remained in the left ventricle. An ascending aortogram
was performed with a calibrated angiocardiographic marker
catheter, often utilizing angled views both to see the valve
exactly on edge and to align the markers on the catheter.
The aortic valve anulus was measured in several pro-
jections at the base of the sinuses of Valsalva. Balloon
catheters were selected on the basis of this measurement.
Catheters were chosen so that the sum of their inflated di-
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Figure 1. Simultaneously inflated
balloons positioned across the pul-
monary valve.
ameters was equal to or 1.2 to 1.3 times the aortic valve
anulu s diameter. The patients were systemically heparini zed
with heparin , 100 mg/kg body weight. An end-hole catheter
was then passed from the femoral artery retrograde throu gh
the ascending aorta into the left ventricle, and an exc hange
guide wire was passed throu gh the catheter into the left
ventricle. The distal end of the exc hange wire had a J tip
and a preformed 1800 curve in the distal stiff end of the
core wire to deflect the wire tip away from the muscle in
the left ventricular apex . The catheter was withdrawn over
the guide wire leaving the guide wire in place in the left
ventricle . A second end-hole catheter was then passed ret-
rograde from the opposite femoral artery into the left ven-
tricle . A second preformed exchange guide wire was in-
serted throu gh the catheter into the left ventricle. With the
second exchange wire fixed in the left ventricle, the catheter
was withdrawn over the guide wire . Balloon catheters were
then inserted into the right and left femoral arterie s , passed
retrograde over the wire s and positioned with the balloon
centers side by side in the aortic valve anulus . The balloons
were then inflated simultaneously to 3.5 to 4 atm and de-
flated as rapidl y as possible . The inflation/deflation cycle
was repeated , changing the balloon positions in the valve
slightly and as often as necessary to abolish the waist created
in the ballo ons (Fig . 2) and to reduce the left ventricular
pressure .
Mitral valve dilation. Right and transseptal left heart
catheterization was performed using a percutaneous tech-
nique . Pressure tracings were obtained with simultaneous
left atrial and left ventricular pressures to document mitral
valve obstruction. Left atrial angioca rdiograms were ob-
tained utilizing calibrated angiocardio graphic catheters in
long axial, left anteri or oblique and caudal right anterior
oblique views to demonstrate the valve on edge . Markers
were placed over the che st in both frontal and lateral views
to correspond with the mitral valve location . The patients
were heparinized with 100 mg/kg . An exchange wire was
then passed throu gh the original sheath and into the left
atrium and the original transseptal sheath was repla ced with
a size 12F transseptal set. A standard or flow-directed end-
hole catheter (large enough to acco mmodate a 0.038 inch
wire) then was passed throu gh a back-bleed valve system
and into the trans septal sheath . From there it was advanced
from the left atrium to the left ventricle and into the aorta .
An exchange wire with a preformed 1800 curve on the distal
end of the core wire was then advanced through the pre-
viously positioned catheter into the left ventricle and to the
ascending aorta so that the curve on the core wire was seated
in the apex of the left ventricle . The catheter was withdraw n
over the wire and both the sheath and the catheter were
removed from the patient. leaving the wire in place . A
second 12F transseptal set was introduced percutaneousIy
into the opposite groin and a second transseptal puncture
was performed in the standard manner. An end-hole catheter
was adva nced throu gh the sheath, across the mitral valve
and into the ascending aorta . A seco nd preformed exchange
wire was then positioned in the ascending aorta , and the
end-hole catheter and sheath were removed ove r this wire.
With the two wires in position, dilation balloon catheters
were introduced fro m each femoral vein . Balloon diam eters
were chosen so that the combined balloon diameter was
20% greater than the maximal estim ated mitral anulus di-
ameter. Extra long (6 or 8 em) balloons were used in each
case . The balloons were passed over the wires easily through
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Figure 2. Simultaneously inflated
balloons positioned across the aortic
valve.
the septum without prior dilation and centered across the
mitral valve anulus . Dilation to pressures of 4 to 5 atm with
rapid inflation and deflation was repeated until the balloon
indentations had disappeared (Fig . 3) and until there was
no resistance to inflation. The two balloon catheters were
then withdrawn over the wires into the left atrium . One
balloon was withdrawn out of the venous system over the
wire and a transseptal set was advanced over this wire into
the left atrium. A catheter was introduced through the sheath
from the left atrium into the left ventricle. Simultaneous
pressure recordings were performed in the left ventricle and
left atrium, and left ventricular and left atrial angiocardi-
ograms were performed .
Tricuspid valve dilation. Right heart catheterization was
performed percutaneously from the femoral approach. The
pressure gradient across the tricuspid valve was measured
and a right atrial angiocardiogram was performed in the
anteroposterior and lateral projections. The position of the
tricuspid valve was marked with a lead marker on the chest
wall. An end-hole catheter was inserted into the pulmonary
Figure 3. Simultaneously inflated
balloons positioned across the mitral
valve.
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artery and an exchange wire was passed through it. The
catheter and sheath were withdrawnover the wire, A second
end-hole catheter was inserted percutaneously into the op-
posite femoral vein and passed into the pulmonary artery.
A second exchange wire was passed through this catheter
and the end-hole catheter and sheath were withdrawn as
previously.
Balloon catheters were then inserted over each exchange
guide wire and centered in the tricuspid valve anulus. Bal-
loons were chosen so that the combined diameter was 20%
greater than the estimated anulus diameter based on the
patient' s weight. Dilatation to pressures of 4 to 5 atm with
rapid inflation and deflation was repeated until the balloon
waists had disappeared and until there was no resistance to
inflation. The balloon catheters were withdrawn out of the
right ventricle over the wires, one completely out of the
skin. A long sheath over an end-hole catheter was inserted
over one wire and passed into the right atrium with the
catheter advanced farther into the right ventricle. Simulta-
neous right atrial and right ventricular pressures were re-
corded. The end-hole catheter was replaced with an angio-
graphic catheter, and repeat right atrial angiocardiography
was performed.
Dilation of vena caval obstruction. Right and left heart
catheterization was performed percutaneously using the
femoral route. A catheter was advanced into the superior
vena cava from the inferior vena cava and pressure record-
ings were made. Cineangiocardiography was performed uti-
lizing a calibrated catheter with injection into the superior
vena cava. When pressure gradients indicated inferior vena
cava stenosis, a similar angiocardiogram was performed in
the inferior vena cava. The site or sites of stenosis were
marked with lead markers on the patient' s chest and the
diameter of the narrowest areas and of the normal cava were
measured. Balloons were chosen so that the combined di-
ameter of the two balloons was at least 1.5 times the di-
ameter of the normal cava proximal to the obstruction.
An end-hole catheter was passed across the site of ste-
nosis to be dilated. An exchange wire was passed through
the catheter and the catheter and sheath were removed. A
second end-hole catheter was then passed from the opposite
femoral vein across the area of stenosis and a second ex-
change wire was passed through it. The catheter and sheath
were then removed. With both wires securely in position,
balloon catheters were passed over the wires and centered
at the area of stenosis. Dilation to pressures of 4 to 5 atm
with rapid infl ation and deflation was repeated until the
balloon waist had disappeared and until there was no re-
sistance to inflation. The balloon catheters were then with-
drawn over the wires. An end-hole catheter was passed over
one of the wires. Pressure gradient across the area of stenosis
was recorded and cineangiocardiography was performed.
Figure4. Femoralartery(FA) pressure trac-
ing in a patient undergoing balloon valvu-
loplasty with single (upper panel) and dou-
ble (lower panel) balloons. Note the
substantial decrease in femoral pressure with
the single balloon technique and the much
milder decrease in pressure with the double
balloon technique.
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Figure 5. Pressure gradient reduction with double balloon catheter
dilation of pulmonary (panel A), aortic (panel B), mitral and
tricuspid (panel C) and vena caval (panel D) stenosis. (0) Gra-
dient values for the patient with tricuspid stenosis. AV = atrio-
ventricular, PRE and POST = before and after dilation, respec-
tively.
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by palpation and Doppler examination in one patient im-
mediately after the procedure but returned spontaneously
without additional anticoagulant therapy within 24 hours.
Two patients required transfusion for blood loss during the
procedure.
Mitral valve dilation . These five patients also had good
immediate pressure gradient reduction subsequent to dila-
tion. Average maximal pressure gradient declined from 2 I
mm Hg before dilation to 4 mm Hg, a decrease of 81%
(Fig. 5C). Mild mitral valve insufficiency was induced in
one of these patients. Because the smaller balloons em-
ployedpassed easily over theguide wires positioned through
the atrial septum previously punctured with the 12F trans-
septal set, it was not necessary to dilate the atrial septum
to pass the balloons into the left atrium and left ventricule.
Results
Dilation procedures using the two balloon technique
achieved substantial drops in pressure gradients. Because
two balloons side by side were used for dilation, it was
possible to achieve better dilation while employing rela-
tively smaller balloons than with single balloon dilation
methods. The smaller balloonshavea smootherwraparound
the catheter shaft, less redundancy and smaller or absent
" knuckles" at the balloon attachments to the catheters. An
added advantage to the double balloon technique became
apparent during the procedures. During the simultaneous
balloon inflation in valvular lesions there was only a mod-
erate drop in systemic pressure. This is assumed to be be-
cause of continued flow between the two balloons as op-
posed to the total occlusion caused by the single balloon in
the orifice. By contrast, substantial drops in systemic pres-
sure are common during single balloon dilation procedures
(Fig. 4). No complications of major clinical significance
were encountered during these procedures. One of 14 pa-
tients with aortic valve stenosis developed moderate aortic
valve insufficiency after dilation.
Pulmonary valve dilation. Double balloon dilation in
the 18patients with pulmonary valvestenosiswassuccessful
in achieving a pressure gradient drop in each instance. Av-
erage maximal pressure gradient declined from 61 mm Hg
before dilation to 13 mm Hg after dilation. a decrease of
72% (Fig. SA). Two patients, with an initial valvular pres-
sure gradient of 133 and 95 mm Hg, respectively , had a
residual infundibularpressure gradient of 40 and 30 mm Hg
after valve dilation but only a minimal valve pressure gra-
dient. These patients experienced no clinical difficulty and
were treated with oral propranolol. Mild pulmonary insuf-
ficiency was induced in one patient. No patient required
transfusion for blood loss during the procedure. There were
no episodes of substantial hypotension or sustained brady-
cardia during inflation. All patients did well subsequent to
the procedure and were discharged from the hospital the
next day.
Aortic valve dilation. Large reductions in pressure gra-
dients were achieved in this group of 14 patients. Average
maximal pressure gradient declined from 68 mm Hg before
dilation to 24 mm Hg after dilation, a decreaseof 65% (Fig.
5B). Moderateaortic valve insufficiency was induced in one
patientand one patient with aortic valve insufficiency before
dilation was noted to have a moderate qualitative increase
in aortic valve insufficiency after dilation. Neither of these
two patients developed acute cardiac dilation or symptoms
of cardiac failure. Three patients developed transient left
bundle branch block and two also developed transient ven-
tricular arrhythmia during and immediately after the pro-
cedure. Cardioversion was not necessary in any case, but
one patient did require a single dose of lidocaine for ven-
tricular irritability.The right femoral artery pulsewas absent
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Tricuspid valve dilation. The mean pressure gradient
fell from 12 to 0 mm Hg in the one patient with tricuspid
valve stenosis . There were no complicat ions , and the patient
experienced relief from his symptoms of systemic venous
congestion.
Dilation of vena caval obstruction. Double balloon
dilat ion in these three patients was assoc iated with a drop
in average maximal pressure grad ient from 20 to 2 mm Hg
(Fig. 50). Clinical improvement was dramati c with a con-
siderable reduction in swelling of the upper body in the two
patient s with superior vena caval obstruction and in swelling
of the lower body as well in the patient with obstruction to
both superior and inferior venae cavae after Mustard repair.
No complications were noted from the procedures.
Discussion
Although percutaneous balloon catheter dilation is being
accepted as standard therapy for the treatment of many of
the stenotic lesions of congen ital heart disease , modific a-
tions in technique continue to be made to increase the ap-
plicability and efficac y of the method. Our results demon -
strate that several types of stenotic lesions can be effective ly
dilated with two relati vely small but simultaneously inflated
balloon catheters. Although placement of two balloon cath -
eters may require somewhat more time than placement of
a single catheter, there are several adva ntages to the two
catheter technique.
Advantages. One advantage is that the smaller balloons
are easier and smoother to introduce and remove and pre-
sumably cause less trauma to the femoral vessels. The smaller
balloons not only have a decreased mass and less redundancy
but have a smoother wrap around the catheter and have a
smaller or absent "knuckle" at the site of the balloon at-
tachment to the catheter. It is hoped that reduced trauma at
the time of the dilation procedure will diminish the incidence
of late vessel occlu sion by the procedu re. Th is is especiall y
important if repeated access to femoral veins is desired . as
in the case of children who may be expected to have a
tendency to restenosis of their lesions with growth. Fur-
thermore , smaller catheters are eas ier to manipulate , they
follow guide wires more easi ly and should be less likely to
perforate or tear cardiovascular structures .
Another advantage is that the double balloon technique
extends the range of patients treatable with balloon dilation .
Some stenotic lesions, with an orifice that is large relative
to femoral vessel diameter, cannot be effec tively treated
with a single balloon, either because of the lack of ava il-
ability of large enough balloons or an inability to insert very
large balloon s into small femoral vessels. Such lesion s can
be effectively dilated with the doubl e balloon technique . A
final significant advantage is that the double balloon cath-
eters do not completely occlude the stenotic orifice during
inflation as do even small single balloon catheters. Becau se
there is a residual lumen between the two balloons. some
blood continues to flow past the balloons. Thus the ventricles
are vented during semilunar valve dilation , and some cardi ac
output is maintained durin g these and other dilation pro-
cedures.
Complications. The complications associated with dou -
ble balloon catheter dilation are similar to those experi enced
with single balloon catheter dilation . Prolonged catheter
procedures that involve catheter exchanges entail some blood
loss, and may require transfusion , particularly in small pa-
tients in whom the relati ve amount of blood loss is greatest.
Even with smaller balloons, occlusion of or damage to fem-
oral vessels could occur. Intr acardiac manipulation of cath-
eter s may provoke arrhythmias; fortunately , these arrhyth-
mias have all been transient. Just as surgical valvotomy by
open or closed techniques is sometimes associated with the
induction of valvular insufficiency ( 11-13), balloon dilat ion
with either single or double balloons may cau se valvular
insufficiency in some patients (4, 14) . Determination of the
incidence and significance of this complication, in com-
parison with the result s of surge ry and by single or doubl e
balloon technique . will require larger numbers of patient s
and long-term follow-up.
Indications. Despite the need for some additional cath -
eter or wire manipulation , the results of percutaneous double
balloon catheter dilat ion in the patients were at least as
successful as the single balloon techn ique in obviatin g the
need for surgery. Th e two balloon technique should be con-
sidered as an alternati ve to employi ng a single large angio -
plasty balloon in patient s with a large valve anulus in relation
to their femoral vessels . In patients with mitral stenosis , the
two balloon method is parti cularly useful because it pre-
cludes the need to dilate the atrial septum and thereby create
a potenti ally permanent atrial septal defect. The two balloon
techn ique is essential when the diameter of the stenotic
ori fice to be dilated exceeds the inflated diameter of the
largest avai lable ballo on catheter.
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